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1.0 SUMMARY

1The Boeing Compary has submitted for Phase II-A evaluation an

airplane design, which, in its intercontinental and domestic versions,
will provide economical supersonic transports meeting the diverse re-
quirements of various operators and also meeting the design objectives
of the FAA. The two models of the airplane are identical in all respects
except for operational empty weight and maximum gross weight.

Both the domestic and intercontinental versions meet or are
lower than all noise objectives established by the FAA. Notable progress
has been made during Phase II-A toward developing a supersonic transrort
that has both interior and exterior noise levels lower than prtsent sub-
sonic airplanes. Significant confi"gration changes from the Phase I pro-
posal that have contributed to improvement are:

"" Development of engine inlet and nozzle noise suppression techniques
with no performance penalty

"" Relocation of engines aft on the wing to reduce engine noise heard
in the cabin

These changes, coupled with test-proven structural design con-
cepts, will ensure a 50,000-hour fatigue life for the airplane withLI minimum weight penalty.

This document presents the substantiating data for sonic boom,
engine noise, interior noise, and sonic fatigue effect on structures.

1.1 SONIC BOOM
For domestic operation, where sonic boca will be of significant

importance, the Model 733-291 is designed to provide a range of 2900
statute miles (2600 nautical miles) with a payload of 43,000 pounds with-Sout exceeding the sonic boom objectives of 2 psf maximuam in cllmb and
1.5 psf in cruize and descent.

The Model 733-290 is designed for intercontinental operation,

where transition and cruise will occur over water or uninhabited land
areas on routes requiring maximun range-payload performance. This air-
plane achieves a range of 4010 statute miles (3485 nautical miles) with
a payload of 43,000 pounds when limited to sonic boom overpressure of
2.3 psf in climb and 1.7 psf in cruise and descent.

Both models possess considerable opverational flexibility vith
respect ii the sonic boom created in flight .as sumarized in Table I-A.

i The roanic boom characteristics have been calculated in the Mnn-
Uer prescxiL;.d by the FAA and NASA. All of the airplane components and
incrementl1 lift forces have been considered, including the wing camber
lift, angle of attack lift, tail lift, and nacelle induced lift. The
configuration has been optimized to obtain the best sonic boom character-
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TABLE 1-A EFFECT OF SONIC BOOM OH AIRPLANE PERFORMANCE

733-290 733-291

RAW 0. W•. 500,000 LB 25,000 LBI 11
PAYLOAD 143,000 LB 43,000 LB a

Pox 2.0 2.5 1. 2.0 2.3

CRUISE

RAME

N. _ _. 3210 3185 3525 2145 2600 2665
STJ.I. 3730 4o010 060 2810 2990 3065

istics at all Mach numbers, comuensurate with minimum drag and structural
weight considerations. As detailed in Section 2.0, the sonic boom param- !!
eter for this airplane in cruise is only 1.9 percent greater than thetheoretical lover bound.

. .2 .-- �. ---�Wwl . 9E0.. " p.a ~mrked-.reducti6n-in it nois-

"J •6z. phases of to -present long range jets.
" Fig. 1-1 ILuxistrateb-s a tkeoff at iaxiizm•-•s weigh1 with •xium dr" U

.thtrut. -The airport noise is j6;Pb at- 1500 feets tothe~ of the-. "
runway. The -cW tynoaO Isi05. 5 Pndi at-the 3-mile point, with -
thrust set for 500 feet per minute rate of climb. The corresponding
community noise for the domestic 733-291 is 96.8 Pmdb. Trades between
airport and community noise are possible by using varying takeoff
thrust settings. For example, with ma.ximum augmented thrust, the air-
port noise if 117.7 PNdb with coemunity levels of l0.•.8 PNdb and 95 PNdb, [
resp!ctively for the 733-290 and 733-291.

The greatest improvements have been achieved in landing approach g
noise. At maximum design landing weight, a conventional approach on a
3 degree glideslope results in 112 PNdb for the 733-290 at I mile from
the runway. A noise abatement approach procedure using automatic tbrot';le
control has been studied. This procedure offers a potential reduction to
105 1•Mdb at the 1-mile point.
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Sound suppression heb been achieved th'.ouh the use of a chokedinlet to suppress compressor noise and a "star shaped" primary throat to

suppress jet noise. Tests that provided verification for the noise anal-
yses are described in Section 3.0.

1.3 INTERNAL NOISE
Internal sound levels in the Boeing supersonic transport are

less than those in current subsonic airplanes. A thorough rc-,,-v of

available boundary layer noise data has been made during Phase II-A.
The most reliable bou y layer data have been used in conjunction with L
a detailed analysis of the tranamission characteristics of the body
structure and insulation to develop the noise estimates shown in Table
1-B. As the data indicate, both the overall sound levels and the speech U1interference levels are less than in the 707 airplane. The pxýposedsupplementary standard. NCA-65, It shown in the table for comparison.

TABLE 1-B WINDOW SEAT SOUND LEVEL COMPARISONS [,
TfIXOFF CRUISE

FWD CABIN AFT CABIN FWD CABIN AFT CABIN

OA* SIL** 0A SIL OA SIL OA SIL
733-290 96 60 108 74 85 63.5 85 63 [
707 96 63 113 84 87 68 93.5 65.5

NcA-65 95.5 65 95.5 65

NcA-65 + 10 105.5 75 105.5 75 1 1
* Overall sound pressure level ** Speech interference level

1.4 SONIC FATIGUE PARAMETERS
The sonic environment on the Boeing supersonic transport has

been verified by test. The change in engine location and the noise re- I
duction due to the jet nozzle design have reduced the sound pressure
level on the structure to 163 db with augmented thrust. Furthermore, a
significant reduction in the area of structure subjected to noise levels []
greater than 150 db has been achieved.

Test results have shown that chem-milled skins on primary struc-
ture and titaniam-faced fiberglass honeycomb on secondary structure
possess outstanding r •nic fatigue characteristics. This improved.struc-
ture, together with the reduced sonic environment, requires only 100
pounds of reinforcement be added to the strength-designed structure in
order to achieve a 50,000-hour lUfe.
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2.0 SONIC BOOM

The calculation of the sonic bocm characteristics for the
models 733-290 and 733-291 is presented in this section. The external
geometry of these two models is identical; therefore, the sonic boom
characteristics are the same for each. The sonic boom overpressures
produced on the ground under the flight4ýj ck have been computed and are
shown in Figs. 2-1 and 2-2. Sonic boom data rtlated to the performance
of both airplanes are shown in Volume V-A.

II The theoretical method used in estimating the sonic boom char-
acteristics of these airplanes is •onsistent with that outlined in the] FAA Procedures, Ref. I,- Specifically, the airplane area distributions
were ob- ained by the use of supersonic area-rule cutting planes and
include all of the ccmponerts. The lift "equivalent area distributions"
include the contributicn of wing camber, angle of attack, nacelle induced

lift, and tail lift for trim.

In addition to the basic sonic boom data, discussion of the[ effect of nonstandard atmosphere, the effect of elastic deformations,
and an evaluation of slight variations in calculation procedures are
presented. Basic data for use in the NASA computer programs are tabu-L lated in Par. 2.5.

2.1 SONIC BOOM CHARAICTERISTICS
The sonic boom characteristics of the 733-290 airplane, as com-

puted by the method described in subsequent paragraphs, are shown in
Fig. 2-3.

The data in Fig. 2-3 have been referred to the lift coefficient
of the wing. The sonic boom characteristics of the configuration may be
found by entering the chart with the wing lift coefficient
(CLwing = CL - CLItail). The lift coefficient of the tail (CLtail) may be

obtained frc. the data presented in Section 4.0 Volume V-A, Book Ont.,
Aerodynamics. The sonic bocr characteristics tabulated as requested by

SNASA appear in Paa. 2.5.
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I 2.2 THEORETICAL BASIS FOR SONIC BOOM ANALYSIS
The sonic boom overpressure produced by an airplane is influ-

enced primzrily by the configuration geometi-y and lift distribui;lon.
The contribution of each component of the config'ration, including lift,
14 dete.miied b- computing its F(y) function. This function was devel-
oped by G. B. Whitham and is defined in a paper published in 1952 (Ref.
2-2). The F(y) function is the key to the comlptation of sonic toom
Soverpressures. It is defined by Eq. 2-1.

U F~(y) =Jf P~~ ~ *' Eq. 2-

vhere:

i~t t
S(x)= "equivalent body" area distribution

" R(x) S(x)
x

h -igh- I h(z), and is a function plotted in Ref. 2-2.

M = Mach nunber

S,(x)= dS

The procedure used by The Boeing Company separates the configuration
into its basic components and the lift of each: wing, fuselage, nacelles,
horizontal tail, and vertical tail. An "equivalent body of revolution"
is genezrated for each end the F(y) function is obtained. Finally, the

SF(y) functions are combined to obtain the sonic boom characteristics for
the complete airplane.

ii Each component of the airplane is transferred from its own axis,
L X', along the appropriate Mach cutting planes to the axis of the config-

uration, X, where the "equiv-alent lody" is generated (Fig. 2-4). The
choice of Mach cutting planes is determined by the Mach number and
angular location, ,, of interest. Under the airplane, this angle is -90
degrees; to the side, It is zero degrees.

M Te "equivalent are obtained by defining each component
of the configuration for use in a digital computer program (Ref. 2-3)
which is also used to calculate the airplane wave drag. The lift induces
by the nacelles is obtained by superimposing the nacelle flow field,
calculated by the method of Ref. 2-2, on the wing planform. The result-
ing load distribution is integrated to determine the "equivalent body"
for the nacelle lift. The contributions of the wing lift due to both
camber aid angle of attack are obtained by the use of another digital
computer program (Ref. 2-4). The resulting "equivalent bodies" are trans-Sferred along the aopropriate Mach plane cuts to the configuration axis.
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I
The expression for F(y) (Eq. 2-1) is readily amxnable to digital

computer analysis. The "equivalent body" of ebch compontnt is converted jg to the individual F(y) function by the method of Ref. 2-'. The sonic
boom for the complete configuration is determined by sumn'iag the indivi-
dual F(y) functions and integrating the results according to Eq. 2-2.

I(y F(y)dy Eq. 2-2

0

I where yo is the value of y for which I(y) is a positive maximun.

Thp sonic boom overpressure of the front shock on the ground isI determined from Eq. 2-3. ,, 8 21/f [I(Yo) ]I/

AP = PaKA,(M - 1)' (y+ 1)i/2 (h/-sin0) 3 i Eq. 2-3

I where:
Pa = ambient pressure at airplane altitude, psf

J KR = ground reflectivity factor (1.9 in this document)

KA = atmcspheric correction factor (square root of the
ratio of ambient pressure at the airplane to that at
the ground)

M = airplane Mach number

h = airplane altitude, ft

3 y = ratio of specific heat, 1.4

0= Mach cutting plane angle

I For • = -90 degrees (directly under the flight path) Eq. 2-3
may be rearranged in the form below,

PaRKA(M
2 - 1)1/8 =

The right hand side of this equation is a function only of the configu-
ration, Mach number, and the lift; it is the sonic boom characteristic
of the airplane*

The theory (Ref. 2-2) and method have been well substantiated
by both wind tunnel tests and flight tests. Examples were shown in the
Phase I proposal. Subsequent comparisons with flight test data have
been made during Phase II-A. These are shown in Fig. 2-5 where theoret-
ical pressure wave signatures have been compared with observed signatures
for the F-104A, F-IOlB, and B-58 airplanes. Thesc comparisons show
excellent agreement in detail - overpressure, signature shape, and tracelength.
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U
2.3 ANALYSIS OF THE 733-290 AIEPLANE

The model 733-290 corfiguration is defined in Volume V-A, Book
One, Aerodynamics. The geometric data provided there have been used in
determining the sonic bcom characteristics for the airplane. The
"equivalent body" area distribution and the resulting F(y) function for
each component are shown in Figs. 2-6 through 2-9 for Mach 2.7, 2.2, 1.5
and 1.3, respectively. The "volume" components which contribute to the

strength of the front shock wave are the wing, fuselage, and nacelles
including boundary layer diverters. The area distribution and F(y)
function of each of these are shown on the left hand side of each figure.
The "lift" components which contribute to the strength of the front
shock wave are the wing camber and angle of attack lift, and the nacelle

"[1 induced lift. The "equivalent" area distribution and F(y) function of
each of these are shown on the right hand side of each figure. The lift

u coefficient of each component is noted.

The F(y) summations are shown in Fig. 2-10 for Mach 2.7, and in
Fig. 2-11 for Mach 2.2, 1.5, and 1.3. The combination of the volume
components and the combination of the volume-and-lift components are
indicated in the plots. Only the components having their origin ahead
of the point Yo will contribute to the strength of the front shock wave
(Ref. 2-2). It can be seen from the figures that the volume of the
horizontal tail, vertical tail, and ventral fin as well as the horizontal
tail lift do not contribute to the strength of the front shock wave.

Since the tail lift does not contribute to the bow shock overpressure,
the sonic boom parameters have been plotted as a function of the wing
lift only. Care must be e;ercised to ensure that the lift of the wingalone is used in conjunction with Fig. 2-3 and the data in Par. 2.5.

I It is shown in Ref. 2-6 that the effect of variations in atmos-
pheric properties and winds are negligible for flight at the Mach numbers
considered i,, the preceding discussion. At Mach numbers below 1.3 these
variations become significant and a e discussed in the following para-
graphs.

2.4 ADDITIONAL CONSIDEAPTIONS
A discussion of the effects of the atmosphere on the boom for

some ve.-y special circumstances, the effect of elastic deformations, and'3 •an evaluation of slight variations in calculation procedures follow.

2. 4 .1 Effect of Hot Day on Sonic Boom
Variations in atmospheric properties can affect the sonic boom

overpressure at the ground. The influence of these variations has been
studied for the arbitrary standard +200F and +4OF hot days used to
present performance data. The data in Fig. 2-12 show the temperature
variation and resulting pressure altitude variation with tapeline alti-
tude assumed in each of these model atmospheres. The effect of these
variations from the standard conditions may be estimated from Eq. 2-4I(obtained from Ref. 2-6).

0
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AP PI //2

11 Eq. 2-4

where

AP -overpressure in model atmosphere

IAP, s overpressure in standa-d atmosphere

Pg = ambient pressure at ground in model atmosphere

I (Pg)st ambient pressure at ground in standard atmosphere
b pid

Pa = ambient pressure at airplane in model atmosphere
u ~(Pa)std= ambient pressuie at i " rplane in standard atmosphere1

KT " temperature correction factor (Ref. 2-6)

I -1e)]l/2 = sonic boom characteristic in model atmosphere

Ii [cyOtd~l2 -sonic boom characteristics in standard atmosphereI h = height of airplane above the ground in model atmosphere

h = height of airplane above the ground in standard atmos-
std, phere

The ambient pressure at the ground has been assumed to be
2116.22 psf in these atmospheric models. The airplane has been assumed
to fly along a profile of fixed tapeline altitude versus Mach number
independent of temperature. The sonic boom characteristics were taken I
as those in Fig. 2-3. The effect of the pressure and temperature varia-
tion is illustrated in Fig. 2-13 for various tapeline altitudes. Varia-
tions in [I(yo)]1l2 occur because of-the ambient pressure change at the
airplane and because of the variation in fuel consumption. The data in I3 •Fig. 2-14 illustrate the combination of these effects on the sonic boom
as compared to that in the 3tandard atmosphere for a number of mach num-
bers during the initial phases of supersonic flight. These data show[1 that the effect of hot day on the boom is quite small.
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A more general study of atmospheric effects on sonic boom, made
over the range of conditions encountered in the northeni hemisphere, is
given in Ref. 2-6. The results of tintat studyy, when applied to the SST, U
show variations in overpressure from tntt in the standard atmosphere of
±3% at low Mach numbers and ±1% at Mach number:" above 1.5.

2.4.2 Sonic Boom at Mach Numbers Near 3.0
"The sonic boom generated dur!ig flight at supersonic Mach num-

bers near 1.0 can reach the ground under special circumstances. For
example, flight at Mach 1.02 at 31,000 feet in the standard atmosphere
with a tailwind of 70 knots will result in the boom reaching the ground.
The overpressure at the ground generated under these conditions has been
calculated for the 733-290 to be 1.55 psf.

The shock wave produced at these low Mach numbers may be only
one of several to reach a given point on the ground since the airplane U
is accelerating. The sketch in Fig. 2-15 illustrates the history of the

shock front as it is developed during the acceleration through Mach 3.0.
The figure shows that the shock wave generated at the cul-off Mach numberT
will reach the ground after a shock wave generated at some i±igher Mach i
number. It can also be seen that the location c.: the cut-off ray on the
ground determines the point beyond which only one pressure wave will be
observed. The phenomena of two pressure signatures being recorded at the [
same point on the ground under an accelerating airplane has been observed
during t~e tests discussed in Ref. 2-7.

2.4.3 Effect of Elasticity[
The wing of the airplane is designed to have the required camber

and twist at the average supersonic cruise condition. At off-design
Mach numbers, the applied loads being approximately the same, the wing U
shape does not differ significantly from its shape at cruise. A check
hat; been made of the effect on sonic boom due to the incremental varia- C?
tions in wing shape caused by changes in load distribution. The effect
has been investigated for Mach 1.5 at representative weight and altitude.
The comparison is shown in Fig. 2-16 and indicates that the aeroelastics
effects are small. The assumption used in the sonic boom calculation
herein is that the wing shape does not change with Mach number. I
2.4.4 Comparison of Calculation Procedures

The calculation of the function F(y) for the airplane following U
the method outlined in Ref. 2-1 may be considered in a number of ways.
The procedure used in this document has been to calculate this function
individually from the area distribution of each component of the airplane
and then to sum these functions to calculate the shock wave strength.

Another approach is to superimpose the individual area distributions of
all the components and then to calculate the F(y) function from the com-
bined area distribution. The first of these methods is eouivalent to
superimposing in the farfield the perturbation velocities calculated for

242
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every component of the aircraft. In the second method the singularities
that are used in the analysis to define the airplane are superimposed to
oroduce a combined "equivalent body." Velocity perturbations due to this
"equivalent body" are then computed. These two methods have been com-
pared. The Mach 1.3 area distribution of the configuration was used and
is shown in Fig. 2-1f. The resulting F(y) functions obtained by the two
methods are compared in Fig. 2-18. The two curves are similar in most
respects. The sonic boom characteristics differ by less than 1 percent,[I "which is negligible.

2.5 TABULATED COM1.JE=R DATA
The digital computer program inputs used in determining the

area distributions of the volhme components are shown in Fig. 2-19.
These are in a form suitable for use in the NASA Langley Computer Program
P7120. The computer input data for the program which computes the1n "equivalent lift" area distributions for the wing are shown in Fig. 2-20.
These are in a form suitable for use in the NASA Langley Computer Program
P916.C.

El The sonic boom characteristics for the Model 733-290 airplane
have been put in nondimensional form. These are plotted and tabulated
in Fig. 2-21 for Mach 2.7, 2.2, 1.5 and 1.3.
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2,6 .F02MMICES

Copies of the following referenced data may be obtained by making a
request to either:

The Boeing Ccmpany n
Suite 120 Comonwealth Building

1625 K Street,.I
liashi.-4ton 6, D.C. I

0:

Tbh Boeing Company
Airplane Division
P.C. Box 707
Renton, Wasbington
Attn: M. L. Pennell, Organization 6-2000, Mail Stop 73-60

2-1 FAA Letter to Mr. M. L. Pennell from Mr. Gordcn Bain,
dated September 8, 1964, concerning "Sonic Boom Calculation
Methods to be Used for the Phase II-A Evaluation'.

2-2 Whitham, G. B,, "The Flow Pattern of a Supersonic
Projectile," Communications on Pare and Applied Mathematics.
Vol. V, pages 301 to 348, 1952.

2-3 Palmer, R. L., "Two Ccipuater Programs for Finding the
Generalized Wave Drag of Wings and/or Wing Body Combina-
tions." Boeing Document D6-6507 'N, 1963. -

2-4 Carlson, H. and Middleton, W., "A Numerical Method of
Estimating and Optimizing the Supersonic Aerodynamic
Characteristics of Wings of Arbitrary Planform." AIAA
Preprint No. 64-590, Aug. 1964.

2-5 Brown, J. R,, "Influence of Non-Smooth Gecmetrics on Sonic

Boom." Boeing Document D6-2430, 1964.
2-6 Kane, E. J., and Palmer, T. Y., "Meteorological Aspects

of Sonic Boom." FAA SRDS Report (number to be assigned),
1964.

2-7 Hubbard, H. R., Mglieri, D. J., Huckel, V. and Hilton,
D. A., "Ground Measurement of Sonic Boom Pressures for the

Altitude Range of 10,000 to 75,000 Feet." NASA TR R-198,
1964.
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3.0 EJOIITE NOISE

Noise levels produced by the Boeing SST proposed in Phase II-Ai
are below the ob.jectives stated in the s'andards. The predicted noise
levels are based on (1) Phase II-A engine and airplane performance, (2)
sound suppression as verified by test, and (3) standardized procedures
for predicting jet noise.

3.1 ENIGINME 10ISE CHARACTERISTICS o
The engine noise levels predicted for the rE4/J5C; engine as

L installed on the 2oeing SST are presented in Figs. 3-1, 3-2, and 3-3
for ground operations and for takeoff and landing operations. These
data provide the basis for all noise analysis.

3.1.1 Airport and Community Noise
The predicted GE4/J5G engine noise characteristics have beenI combined with the performance characteristics of the 3oeing SST airplane

to predict the noise environment at the airport and In the community
during takeoff and landing. The noise levels below md to the side ofV the airplane takeoff path resulting from recommendec noise abatement
techniques on a standard day are presented in Figs. 3-4 and 3-5 for
425,000 pound and 500,000 pound gross weight airplanes, respectively.
Th'- maximum perceived noise level (PNL), 1,500 fee-. to the side of
the rmnway as the airplane passes on its takeoff r.in, is 16 PNdb with i
all -ýngines operating at maximum dry thrust. The community noise levels
Sshown in Figs. 3-h and 3-5 are based on a thrust _'eductior. that results
in an unaccelerated rate of climb of 500 feet per minute at a point one
statute mile beyond the departure end of the runway. After thrust re-
dLnotion for noise abatement, the noise level in the community is reduced
to 96.8 PNdb for the airplane at 425,000 pounds gross weight and 105.5
PNdb for the 500,000 pound airplane. The trade between airport and
community noise that is available through variation in takeoff powerp setting is shown in Fig. 3-6.

The noise levels below and to the side of the airplane landing
approach path are presented in Figs. 3-7 and 3-8 at landing weights of
302,000 and 320,000 pounds. At 1 statute mile from the runway thr'eshold,
the predicted noise levlas are 111.3 PNdb and 112.0 PNcib for the light
and heavy gross weight airplanes, respectively.

L Several noise abatement approach procedures are being consid-
ered in order to achieve even lower community noise levels. These make
use of the all-weather automatic landing throttle controls. An approach
is made at a controlled deceleration rate, with reduced thrust, on a
3 degree glide slope to reach the inner marker at final approach speed.
The auto•a.tic throttles increase thrust to stabilize at final approach
speed until the landing flare is initiated. With the engine inlet choked
and the nozzle throat open, the community noise level is 107 PNdb with a
deceleration rate of 1 knot per second. Using idle thrust, the community
noise is 105 PNdb with a deceleration rate of 2.6 knots per second. The
operational aspects of these procedures are described in Volume X-A,
Flight Oerations, and Volume V-A, Aerodynamics.
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3.1.2.1 Ramp Noise I
The noise levels resulting from ground operations near the air- -

port terminal (taxi, etc.) are predicted to be no greater than those

presently experienced during similar subsonic jet operations. The levels

predicted for the Boeing SST during taxi operation are presented in Fig.

3-9. The PNL's are predicted to be between 105 and 120 PNdb at 200 feet

from the airplane. These levels are based on a taxi thrust requirement

of 3 percent of the gross weight of the airplane.

3.1.2.2 Maintenance Runups I-
Without ground sound suppression, noise levels due to opera-

tions of the GEh!J5G engine at maximum augmentation are 123 db on a

1500 foot radius and 160 db at a point 20 feet dcwnstream of the nozzle.

Current ground rnup noise suppressors of a portable type afford a re- 1-
duction of 20 to 25 db at these locations (Ref. 3-1). Compatitility of

a suppressor of this type with -he Boeing SST engine and airplane is

shown in Section 2.0 of Volume "III-A, Ground Operations. No problcmr. '
beyond the reach of current tecn.iology are anticipated.

With a suppressor of this type the maximun perceived noise level

is 130 PNdb at 1500 feet from the engine during maximum afterburning

condition. Maintenance personnel stationed in the immediate vicinity of

the airplane during engine runup will be subjected to levels no greater

than 135 db OA SPL and 127 db SIL with the suppressor installed.

3.2 SUBSTANTIATION OF NOISE DATA

3.2.1 Unsuppressed Engine Noise
The unsuppressed engine noise characteristics for the GE4/J5G

have been predicted by using:

e installed performance characteristics of the engine, Appendix A

Volume VIII-A, Propulsion

* compressor noise characteristics based on Boeing test data, Fig. 3-10

# procedures for jet noise prediction. Ref. 3-2

The octave band and overall sound pressure levels obtained by

these methods are shown in Figs. 3-1i and 3-12 for several engine

throttle settings. These data have been used as a baseline for predict-
Ang the jet and compressor suppressed noise levels.

3,2.2 Inlet and Exhaust Noise Suppression
The noise suppression characteristics of the GE4/J5G engine as u

insralled on the Boeing SST have been determined frcm many acoustic tests

run on a J-75 test engine and a 1/8th scale model of the GE4/J5G engire

exhaust nozzle. Inlet noise suppression tests were run on a J-75 engine

for both choked and unchoked airflow ccnditions. Exhaust noise tests

"JS.-O--7
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were conducted wiU. a tandar` tLCell n ...... !.. "S*.arE n saped" 'primary throat and no~zzle on a rato:•rcrosed, t'. te ./ ,
U engine.

3.2.2.1 Exhaust Noise Suppression
The exhaust noise suppre.;sion predicted "or the GE4i/JG engine

exhaust nozzle configurat•.on is shown in Fig. 3-L3. The maximumn at-
tenuation is 3 PNdb at thrust settings from maximum dry thrust to 70 per-
cent of maximum dry tbrust. As jet velocity is reduced, the nozzle con-
figuration is predicted to become less effective. This prediction is
based on noise suppression cnaracteristics of tested jet suppression
nozzles such as are presently in use on 707 air-planes. Reduction in
suppression efficiency is predicted for the maximum au&nented operating
condition because of the reduction in sta- shaping as the throat opens.

3.2.2.2 Inlet Noise Suppression
Engine compressor noise suppression for the Boeing SST has been

achieved by establishing a choked flow condition in the inlet. It is
possible to achieve this choked condition at thrust settings below 50
percent of maximum dry power and at Mach numrbers below 0.3 (see Section

Volume VIII-A, Propulsion).

[The octave band noise levels preii:ted for the Boeing SST dur-
ing a typical landing approach under choked inlet flow conditions are
shown in Fig. 3- 14. The noise spect-um predicted for an unchoked condi-
tiot, is also shown in Fig. 3-1. The attenuation showrn is based on J-75
choked inlet test data obtained at Boeing using a simulated Boeing SST
inlet. The effect of inlet choking on the single frequency compressor
noise generated by the J-75 engine is shownr in Fig. 3-15. PredictedGE4/J5G inlet noise has been superimposed on the spectra to indicate the
reduction the choked inlet will give this engine.

J-75 data indicate .tat with the inlet choked, the noise that
will determine the maximum P.Ndb during airplane flyover at low- rorwer-
conditions will radiate at angles between 40 degrees to 9C degrees to
the exhaust axis. The predicted spectrum is not "pure jet exhaust" ir.
nature. High frequency ncise frcm the tourbine is predicted to be domi-
nant in the last two or three octave, bands. This turbine noise contri-
butes strongly to the perceived noise level. Tests will continue during
Phase II-B with the J-75 to develop additional understanding of the
turbine noise.

A tape recorded demonstration of the effect of choking the in-

let has been forwaraed to the FAA b.,r The Boeing Company.

13.3 DESURIPTION OF MODEL TESTS
Tests have been conducted to ail in defining the basic noise

characterist,.:c3 of the SST engines and to develop means of suppressing
noise from these engines. Both turbofan and turbojet engines have been
included in these sti dies.
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13.1 %!*d ' .el Jet Tests
The oxhAust n3ise characteristlzs the General Electri" an:

Pratt & Whntne; 3ST engi-- offerings w"-'e detc r...ed by means of test3
in the Boeing ac3ustic model jet facility. -.he-eiGhth scale models
the GEL/J•. and P&W STF-219 exhaust n.'zz'.e configu.irations were built ani
tested at several desig. operating conditions. The nozzle configurati ns.
tested are shown in Figs. 3-i and 3-17.

The far field noise characteristics of the GE4/J5G and the P&W
3TF-210 engines "were determined for engine operations at maximum aug-
,entation, maximirn dry thrust, and approximately 70 percent of maxim=

dry thrust. As required by the procedures established in Ref. 3-2, the
noise characteristics of the two proposal engine exhaust systems were
determined by con. paring their measured characteristics with those of a
standard round nozzle when both were operating at the same cor-ditions of
tailpipe pressure ratio and exhaust temperaturre. The acoustic difference
found between the two test nozzles was then apnlied to *;he noise charac-
teristics estaolished for the full scale round nozz..e 4 hr-ough applica-
tion of the standardized procedures. Noise comparisons were made over
an arc of 19 feet radius (150 feet Pall scale) centered on the nozzle

exhaust plane. Data were obtained at 10 degrae intervals from 30 de-
grees to 90 degrees to the jet exhaust axis. The data were then extrap-
olated to give perceived noise level differences along a line 25 feet
(20O feet full scale) from and parallel to the jet axis. PNL's for the
GEh/J5G nozzle configuration were 3 to 4 PNdb lower than the levels ob-
tained with the itandard nozzle (Fig. 3-18). The noise level for the
P&W STF-219 nuzzle configuration was 3 PNdb less than that of the stand-
ard nozzle at maximum augmentation, and 2 PNdb less at maximum dry thrust
(Fig. 3-19). A detailed report of the test and the results may be found
in Ref. 3-3.

S3.3.2 Full Scale Engine Tests

3.3.2.1 Suppression of Fan Noise from Secondary Exhaust
To determine if suppression of fan discharge noise is feasible

in the high velocity duct system of a turbofan engine, an acoustically
treated extension of the fan discharge duct of a JT8D engine was tested.
The extension consisted of an annular duct with acoustic treatment on
both walls for a length of 5 feet; the hot primary gases we-e conducted
through the hard-walled center, joining the fan-discharge air about 18
inches anead of the nozzle exit (Fig. 3-20). Engine thrusts ranged fromlittle above idle to maximum static thrust (13,400 pounds).

Results showed large attenuations of discrete-frequency (spike)
noise in the regions of maximum radiation: more than 20 db at inter-
mediate thrusts, and more than 13 db at maximum thrust. "Hash" or white
noise between spikes also was reduced 4 to 8 db at lo'u thrust, iudicating
that this coqmponent of compressor noise is at least that much greaterSthan jet noise at the same freTaency. Octave- nd analysis showed only

06-0680-57
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slightly less attenuation at low thrust than the values listed above.
Covering the inner wall acoustic lining did not significantly affect [

the noise reduction from those values attained with both vaLls acousti- L
caily treated.

ft A more detailed report of the test and the results may be found
in Ref. 3-4.

3.3.2.2 inlet Noise Suppression Devices
SThree devices for reducing compressor or fan noise radiated Ii

from the inlet were tested on a J-75 turbojet engine: (1) sonic throat,
(2) absorbent inlet lining, and (3) absorbent inlet guide vanes. The
basic inlet design simulated a 733-290 supersonic inlet 'with expandable
spike. The first device, the sonic throat, was formed by setting the
spike in its fully-expanded, supersonic-cruise position, and then ad- n
vancing the throttle until choking occurred (Fig. 3-21). The absorbent
inlet lining consisted of acoustic material extending along the inside
of the inlet diffuser for a length of about one diameter. The absorbent
guide vanes, twenty in number, were placed directly upstream of the
engine's fi-ed inlet guide vanes. All three acoustic devices could be [
replaced with nonacoustic equivalent structures. Sound level measure-
ments were made with the engine simulating landing approach with and
without inlet choked.

Results showed that the most effective device was the sonic
throat; attenuations directly forward of the inlet were 10 db or more U
on an actave band basis, and somewhat higher at the discrete frequencies
of compressor noise generation.

Acoustic treatment of the inlet guide vanes showed attenuations [1
of about 3 db directly ahead, decreasing to 0 at right angles. The max-
imum attenuation with the diffuser lining was approximately 2 db. Using
both treatments simultaneously produced maximum attenuations of 5 to 6
db.

Use of acoustic lining with the expanded spike increased the
lining's effectiveness at air flows too small to produce choking in the L
sonic throat. Upon reaching choke, no difference could be detected.

The possibility of reducing jet noise at low thrusts by in-
creasing the exhaust nozzle area while holding the inlet choked was also
tested on the J-75. With the afterburner in the closed position, engine
speed was increased until choking occurred in the inlet and the compres-
sor noise became inaudible. With the compressor speed held constant, the
afterburner was then expanded to its full position, an area increase of
about 50 percent; this reduced the thrust by approximately 30 percent andthe jet noise dropped approximately 10 db. However, turbine noise showed

•ii- e light Increese giving a PNL reduction of 3 to 4 PNdb. Further testing
to reduce total noise from the turbine during low-thrust, choked-inlet,

conditions will be conducted in Phase II-B. U
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(A) COMPLETE ISALTO

[I ~DISCHARGE,

3 (B) INNER DUCT WALL, WITH TREATED OUTER WALL REMOVED

IIFIG. 3-20 JT8D) TURBOFAN ENGINE WITH ACOUSTICALLY-TREATED
EXTENSION OF FAN DUCT
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3.4 REFERENCES

[1 Copies of the following referenced data may be obtained by making a
request to either:

The Boeing Company
Suite 1200 Commonwealth Building
1625 K Street N. W.U Washington 6, D. C.

or

The Boeing Company
Airplane Division
P.O. Box 707
Renton, Washington
Attn: M. L. Pennell, Organization 6-2000, Mail Stop 73-60

Ii 3-1 Sawhill, R. H., 'Evaluaticn of Koppers Ground Suppressor,"
Boeing Test Report T6-3174, October 1964

3-2 FAA letter to Mr. M. L. Pennell from Mr. Gordon Bain, dated
October 5, 1964 concerning "Procedures for Predicting Jet Noise."

3-3 Sawhill, R. H., and Zable, D., "1/8th Scale Model Far-Field
Acoustic Tests of SST Engine Nozzle Configizations," Boeing
Test Report T6-3178, October 1964

3-4 McKaig, M. B., "Fan-Discharge Noise Suppression Test on JT8D
Engine," Boeing Test Report T6-3166, October 1964

3-5 McKaig, M. B., "Acoustic Testing of Inlet Noise Suppression De-
vices for the SST,* Boeing Test Report T6-3173, October 1964
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.ITEPUNAL )OISE
Figs. 4-1 and 4-2 present estimated 733-290 cruise and takeoff

sound levels compared to similar values measured in current subsonic jets
(Ref. 4-1). These figures show that the 733-29D sound levels will be sub-
stantially equal to or less thp-n those in current subsonic jets. Although
the 733-290 sound levels satisfy the subsonic jet equivalence requirement

K, of the standard, they do exceed the mid-frequency requirements of the
•CA standard for cruise and takeoff. Figs. 4-3 and 4-4 show that sound
levels in current subsonic Jets do not meet the NCA standard. During the
Phase II-A atudy, a detailed analysis was made of potential internal noise
sources and of the noise reduction characteristics of the structure and
the associated sound insulation, The work is used as a basis for the
733-290 predlztion and is reported herein. Additional data on in', 1.1
noise levels are shown in Par. 4.4.

4.1 IT'ERNAL NOISE DDSIGIN
Mhe sound level estimates are based on the typical insulation

configuration cross section shown in Fig. 4-5. The design shown is a
i development of insulatiui confi,-arations which have proved successful in

Boeing subsonic transports. The design, as shown, achieves the largest
possible noise reductions consistent with the available space and with

the efficient use of weight. The design includes the installation of
F highly efficient type AA (or equivalent) Fiberglas which must conform
1 to the Boeing Bk5 8-48 acoustic specification. The interior trim panels

are isolated from structure, taking full advantage of the "double wall"
construction. Insulation is installed approximately 0.7 inches inboard
of the frames, eliminating possible flanking noise paths. The air space
between the insulation and the trim eliminates possible direct couplingbetweer these elemeents. In the aft section of the airplane, a 0.5 pound-

per-square -foot sheet of lead is =mbedded within the insulation batt to
alleviate the additional noise during takeoff. Noise radiation from the
floor panels is reduced by installing rugs and pads which satisfy the
Boeing acoustic specification B!B 5-36. The noise reduction character-
istics of the fuselage structure will generally be superior to those of
current subsonic jets, particularly in the low frecuencies, because of
the stiffer fuselage construction.

Studies such as those described in Refs. 4-2, 4-3 and 4-L which
are directed toward improving the noise reduction characteristics of the
total fuselage structure by methods consistent with other airplane require-
ments, will continue duriig Phase II-B.

4.2 NOISE SOURCE ANALYSIS
There are three types of noise that affect cabin soand levels-

equipment and system noise, engine noise, and boundary layer noise. The
characteristics of each are discussed in the following sections.

4.2.1 Aerodynamic Bou.Anar layer Noise
The methods used to estimate bcundary layer noise levels for

the Phase II-A airplane are the same as those used to estimate levels
for the Phase I proposal. Because the accuracy of the method was questioned

U -.--..- o..~*c, -- 63;7i
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in the Phase I evaluation, the a :,z'acy ha, ,een re-evaluated. It is
concluded that the original method; 1- thc :%:,t reiiable p-esently avail-
able for estimatirn the bludary Layer pre:zure fluctuations on the Zur-
face of a supersonic t!'ar.so.ort. %he method use.s data obtained ir. a suner-
sonic wind tunnet by Kistler a:.u Che!. ( -ef, -). 7he boundary layer
pressure data given in th: .... -,re -%ea.m..red under- conditions which
more nearly simulate tho.e en-unt.red orn t:.e fuseia-e o:" a supersonic
tiansport than ai.y otn.er data ':'eent'y available,

Jj The basic data curves taker. ' -ef. 4-, are reproduced in
Fig. 4-:. The power s!e'tral 'ez.-ty of the boundary layer pressures
[Em(f)J can be derived i. tn'Ž,, u..es a. a function oz the boundary

layer thickness 6 and -1'•e s' ream velociy U. C-arts for esti-
mating boundary Layer t l'ur. the velocity, the preosure altitude,
the Reynolds number, .,,d the fue a e station are given in Ref. 4-L along
with charts which gIve the cw3.ver.'.io. fro, ,e. .pectral density to
octave band sound pre.esu'e leve,.

There is poor ag5reement between .3upersonic wind tunnel boundary
layer noise data and data :meacured on flight vehicles. However, most of
the vehicle measurements have been obtained under conditions where non-
uniform flow conditions were likely, or during !onditions where the dynamic
pressur,:s were much higher' than those obtained in the laboratory experi-
ments, or those which will be encountered on the surface of a supersonic
transport. Recent measu.rements reported in Ref. h-1 demonstrate that the
incidence cf strong shzck waves on a boundary layer can increase the level
by as mich as 15 to 20 db. It was also demonstrated that conditions such
as surface roughness and separated. 'low can increase the boundar, layer
pressure levels by significant amounts. However, in the case of the
undisturbed boundary layer, the Ref. 4-7 data substantially agree with
the values calculated from the Kistler and Chen data (Ref. 4-5) if account
is taken of the different dynamic pressures and boundary layer thtck-nesses

1] involved.

When using the Kistler and Chen data to predict supersonic
boundary layer pressures, it is assu:ned that the boundar, layer adjacert
to the passenger cabin Is not significantly disturbed by the presence of
shock wa-es or surface discontinuities and that separated flow conditions
do not exist. The fulfillment of this assumption is also a necessaryLi condition for satisfactory aerodynamic performance of the airplane. The
same assumption is also made in the discussion of supersonic transport
ncise given in Ref. •-o.

SAlthough present considerations do not indicate that significant
shock waves or other px "nomena will disturb the boundary layer adjacent
;o the passenger cabin, a theoretical aE, d laboratory (supersonic wind
tunnel) program is being initiated (Ref. 4-4) to study the possible
adverse effects from these phenomena and possible methods of eliminating
them. Recent eYperiments in the Boeing subsonic boundbry layer test
lacility (Ref. 4-3) concerned with the radiation of acoustic energy from
skin panels excited by boundary layer fields indicate that it may be

69g 06-6580-7
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possible to obtain noise reductions well in excess of theoretical pre-
diction by the use of damping material or by modifying the skin panel
sizes. These studies will be continued with the objective of develooing
the best possible structural and insulation configuration to reduce noise
and to eliminate any possible adverse effects which might occur because

of irregularities in the boundary layer.

The Kistler and Chen data (Ref. 4-5) shows that there is a
significant rediction in the magnitudes of the low frequency boundary
layer pressures at airspeeds above Maclh i. in addition to the normal
shift of the maximum pressure frequency towards the higher frequencies

as a function of velocity. This effect has also beer measured in othe°-
laboratory and flight vehicle tests includirg Refs. 4--7 and 4-9. This
factor is significant because it means that the low frequency boundary
layer noise levels will be significavcly less at the supersonic flight
conditions than would be predicted from an extrapolation of subsonic
boundary layer data. A large portion of the energy associated with the
supersonic boundary layer is concentrated in the very-high-frequency
range where it can easily be attenuated by efficient high-frequency noise
reduction techniques.

Estinmted octave band boundary layer sound pressure levels are
shown in Fig. 4-7 at typical fore and aft fuselage stations for flight
conditions of Izch 2.7, 65,000 feet and Mch 1, 32,000 feet.

4.2.2 Equipment and System Noise
A certain amount of noise from sources such as the air-condi-

tioning and hydraulic systems is irevitable. Every effort will be ex-
pended during design development phases to reduce the noise produced by
these sources. Anticipated values for the acc-=lative effects from
equipment and system noise are shown in Fig. 4-8. These data were obtained

from a 707 airplane during a low subsonic flight. In some frequency ranges,
the noise from these sources contributes to the ambient soumd levels

Cl(Fig.

1 I4.2.3 Engine Noise
SThe engines on the 733-290 airplane are located significantly

farther aft with respect to the passenger cabin than they were on the
Phase I airplane. "he last passenger seat is locate.l ap-roximately 50

inches forward of the engine tailpipes. The highest internal engine
noise levels are found in the aft cargo compartment and in the aft entry
way; the aft passenger seat will be shielded from this noise by the cargo
bulkhead and by the toilet compartments and galleys. Because of the aft
location of the engines, engine noise will not be audible in the passenger
compartment during any supersonic flight condition. The most notable

I •effects due to engine noise occur during the initial takeoff. Estimated -
sound pressure levels on the external side of the fuselage during takeoff
are shown in Fig. 4-9. The data estimates are based on full scale J-75Sengine noise tests supplemented by model studies (Ref. 4-1O and 4-11).
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4.3 ANALYSIS OF SIMUCTVRAL AND INSULATION NOISE REDUCTION CHARACTER-
ISTICS

The method used to estimate fuselage noise reduction character-
istics has been improved. The method used in the Phase I proposal involved
the extrapolation of test ddta obtained with a fuselage mockup test section.

L, A review of the important parameters has shown that the construction of the
mockup section is not now representative of the 733-290 configuration and
data obtained with the mockup is therefore not valid as a base line for
the Phase II-A calculation.

The imroved method of estimating noise reduction character-
istics is based on Ref. 4-12. The method involves the calculation of
the transmission loss characteristics of the basic fuselage structure
and includes modifications to these characteristics due to the addition
of insulation materials and interior trim panels. The total noise re-
duction characteristics are then obtained by correcting the transmission
loss curve to account for reverberation and standing-wave effects within[ the airplane fuselage.

According to this method, the noise reduction characteristics
of the basic fuselage structure in the low and mid frequencies are a
function of the surface density of the fuselage skin panels, the funda-
mental resonant frequency of the skin panels, and the damping character-
istics of the panels. At frequencies above the resonant frequencythe
noise reduction is governed primarily by the acoustic mass law and at
frequencies below the resonant frequency, the noise reduction character-
istics are in the stiffness-controlled region.

A change in the resonant frequency can significantly modify the
noise reduction characteristics of the fuselage. This factor is important
because studies conducted at Boeing (Ref. 4-13) indicate that there is
a significant change in the resonant frequency between unpressurized
conditions such as takeoff and pressurized conditions such as cruise.
The Ref. 4-13 study shows that the noise reduction characteristics of
the Boeing 707 are approximately 10, 15, and 14 db greater in the 37-75,
75-150, and 150-300 cps octave bands, respectively, at cruise altitudes
than they are at takeoff. A form.la developed at Boeing gives the follow-
ing relationship between the pressurized and the unpressurized resonant
frequency of the structure:

fI =4  u f 2+ __ ( Pr 1b.1 Eq. 4-1
f = fundamental resonant frequency at pressurized conditions

PI

f fp= fundamental resonant frequency at unpressurized conditions
g = acceleration due to gravity

y a density of skin panel material

h = panel thickness

75



a panel dimension in horizontal direction

b -panel dimenslov in vert'.eal direction

r n fuselage radius

AP a, pressure differential

As an example, application of this formula to the sidewall structure at
S~Station 2500 on the 733-290 gives a -resonant frequercy of 790 cps for the

pressurized condition whereas the unpressurized resonant frequency is
approximazely 230 cps.

Reports in the literature (Ref. 4-8) ý.nicate that attempts to
pred~ict cabin noise from aerodynamic bcomxlary layer estimates and noise
reduction estimates ),Ave not generally been Maccessful in the low frequencyU
region. Actual levels have been 10 to 20 db less than the predicted
values. Failure to take account of pressurization effects may be res-
ponsible for these differences.

Noise- reduction charts showing the total estimated noise reduction
characteristics of the Model 733-2.90 configuration at typical fore and
aft fuselage stations are shown for both pressurized and unpressurized
conditions in Fig. 4-10. Fig. 4-11 Milustrates the individual noise
reductions attributed to the structure., and to the insulation and interior
trim panels.

The total high-frequency noise reduction attainable in the cock-
pit is less than can be achieved in the passenger compartment (Fig. 4.,i0)
because of special noise reduction design problems. Among these are the
loss of sound absorption due to the absence of high-density passenger
type seating and the decrease in sidewall transmission-loss due to equip-
ment, and control installations.U

Typical parameters used in calculating the characteristics shown in Fig.
4-1.0 are given below:

TABLE "- TRANSWSO LOSS PARAMETERS

SSTATION 80Q STATION 2500

Onpressurizel Resonant Frequency 130 CPS 230 cps
Pressurized Resonant Frequency 835 CPS 790 cps .

Skin 'Thckness 0.033 inches 0.055 inches
Sk3n Surface Density 0.76 lb/ft! 1.262 lb/ft
Avg. Skin Stringer Surface Density 1.14 lb/ft? 1.-89 lb/ftý

In ~jtion SraeDensity 0.5o/t20.2 lb/ftý!
Trim Surface Density 0.36 1b.,t O0 36 l/'t

Septun Sarface Density 0x0e ib/'ft2 o."5w3 1b/ft2 I
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The values used for the noise reduction characteristics of the
insulation and the isolated trim panels are taken from published andunpublished data obtained in the Boeing acoustic laboratory transmission-
loss facilities (Ref. 4-14) and from in-flight data obtained in 707

S~airplanes.

The high-frequency noise reduction values shown in Fig. 4-10

are relatively high values, but they are not the theoretical maximum
values because of the inevitable presence of flanking path noise In any
real situation and because of the build up of reverberant noise in the
cabin. Experience in 707 airplanes indicates that the re'atively high
noise reductions shown in Fig. 4-10 are achieved if care is exerted in
all design phases to eliminate all possible flanking paths.

4.4 ESTIMATED CABIN SOUND LEVELS
Cabin sound levels are obtained by subtracting the noise re-

duction values given in Fig. 4-10 from the corresponding external noise
levels given in Figs. 4-7 and 4-9 and by adding the effects of equipment[1noise. A typical result was shown in Fig. 4-8.

Cruise (Mach 2.7, 65,000 feet) and transonic acceleration
(Mach 1, 32,000 feet) cabin sound levels are given in Fig. 4-12. The
body stations indicated in Fig. 4-12 are related to the cabin arrangement
in Fig. 4-13, The levels shown are for window seat locations. Sound
levels at aisle seat locations are 2 to 3 db lower in the low-frequency
octave bands and approximately the same in the high-frequency octave
bands (600-1200 cps and above).

]Phase II-A takeoff sound level estimates are illustrated in
Fig. 4-14. At the noisiest location, the takeoff sound levels in the
733-290 are significantly less than the corresponding levels in a 707,
Fig. 4-4. Because the takeoff noise levels are relatively high, 150
pounds of lead sheet has been installed in the aft section of the air-
plane. The lead sheet is embedded in the Fiberglass insulation betwe tn
stations 2360 and 2500. At the takeoff condition, the lead sheet reduces
sound levels in the 150-300, and 300-600 cps octave bands by appnrxi-
mately 3 and 6 db. The relatively high aft cabin sound level exic-ts for
a short period of time, diminishing by at least 10 db shortly after leav-
ing the ground because of the beneficial effects due to the elimination
of ground reflection and to the increased airspeed of the airplane.
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5.0O SONIC FATIGUE PARAM4ETER
Phase II-A configuration test and analysis have resulted in:

"• An engine location that provides optimum perforaance without imposing
r noise levels on the structure higher than those experienced in con-

temporary jet aircraft;

"" A reduction of approximately 3 db achieved by engine sound attenua-
tion;

"* A net reduction in the area exposed to noise levels above 150 db.
Acoustic levels are below this critical level on all wing structure
and most of the primary body structure;

"" An improved definition of the sonic environment through extensive
model testing and analysis of airplane operations and ground main-
tenance engine check-out;

" Structural design parameters verified by sonic tests of structural
panels representative of the proposed design;

Structural reinforcement has been provided in those places
where static design does not satisfy sonic requirements.

5.1 DESIGN FOR SONIC FATIGUE
The sonic noise design environment of the 733-290, Fig, 5-1, is

comparable to that imposed on contemporary commercial Jet aircraft and
is accounted for in the structural design in a similar manner. Exposure
times and engine power settings were defined for normal takeoff, engine
ground runup, maintenance checkout, inflight operation, and maximum aug-
mented thrust takeoff. Acoustic power levels (presented in Par, 5.2 for
the various engine settings) were combined with the exposutre times, as
shown in Table 5-A to obtain equivalent expcsure time for the design
sound levels.

Structural panels representative of the proposed design were
tested to verify sonic fatigue resistance and to establish reliable
design parameters. These results are presented in Section 5.3 with de-
sign curves established on the basis of analysis and tests. A s'unmary
design curve, Fig. 5-2, is presented in simplified form for use izi de-
termining structural reinforcement reqairements and weight increments.
Requirements for sonic resistant structure are superimposed on static
design requirements in Fig. 5-3- Structure that required reinforcement
for sonic fatigue 13 indicated by cross hatching. The weight increment
is included in the weight calculation, Section 10.0, Volume VI-A, Air-3I frame Design, and is approximately 100 pounds.

5.2 SONIC ENVIRONMENtT

The predicted overall sound pressure icvels on the exterior

surface of the Boeing SST fuselage and tail section are presented in

Figs. 5-4 through 5-7. The maximum SPL predicted for the fuselage and
tail section is 163 db at the static maximum-augmented thrust.
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i II

The sound pressure levels have been determined by extensive
acoustic tests run on 1/8th scale models of the GE4/J5G engine exhaust
nozzle and the aft fuselage and tail section. The acoustic test facility
allowed for duplication of all essential jet noise generating parameters.
Augmented as well as nonaugmented GE4/J5G engine jet flow conditions were
simulated for these near field noise studies. The test setup used to I
determine thE sonic environment is shown in Fig. 5-8. Tzrts were con-
ducted with a standard round nozzle as well as the "star shaped" primary
throat and nozzle configuration proposed for the GE4/J5(; engine. The Ji
measured SPL attenuation due to the nozzle design was 3 to 4 db.

Confirmation of the 1/8xh scale model data was obtained through
acoustic tests conducted in the near field of a J-75 engine with and
without afterburner operating. The J-75 engine operating at partial
afterburner gave jet velocities and densities very close to those pre-
dicted for the GEV/J5G engine at maximum dry thrust. Therefore only
minr SPL corrections were required to predict the near field SPL's for
the GE4/JSG engine at the maximum dry thrust conditions, The required
corrections were based on measured incremental changes in J-75 engine 11
noise levels with change in jet velocity and density. The J-75 engine
test and the 1/8th scale model tests are documented in Refs. 5-1 and 5-2.

The engine-generated sound pressure levels on the 733-290 dur-
ing the transonic flight conditions were also predicted from the SPL's
measured in the model jet facility. Corrections to the staptic SPL data
were made to account for sound power output change with change in ambient
density, ambient speed of sound, jet relative velocity, jet density and
nozzle exit area, and for change in noise directivity pattern due to
airplane speed (Ref. 5-3). A 2 db increase in SPL was made because the
"star shaped" primary throat is opened to a fully round throat for maximum
augmented thrust at transonic flight speed. A 3 db reduction in SPL was
made to account for removal of the ground plane as determined by flight
test of 707 and KC-135 aircraft.

5.3 SONIC RESISTANCE OF STRUCTJRE
Extensive design experience has been acguired during the past I

several years with sonic fatigue resistant aircraft structure and the
solutions of the unique problems involved. Preliminary design charts
for titanium structure and methods for improving the sonic resistance
have been established during Phase II-A. The experimental basis for
these developments was obtained in the Boeing sonic facility described in
Phase I (Section 13% Volume A-IV, Structural Report).

5.3.1 Test Results
Phase II-A sonic pwaels are described and test results are pre-

sented in Fig. 5-9 and Table 5-B. The table shows the capability of
conventional structure as well as structure designed for improved sonic
resistance. All panels were Ti 8-1-1 spotwelded structure except when
noted. In addition to the endurance testing accomplished, Panels Nos. 8
and 20 were heavily instrumented and resjonsee measured under the sonic
horn environment and behind a J-75 engine ruanning in afterburner. The I
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purpose of these tests was to establish correlation between sonic ),Orn
test results and that experienced under actual engine operation. One
panel was tested to failure behind the engine following an initial scan-
ning under horn environment to obtain comparative data. The second panel
was scanned under the engine environment and then tested to failure in
the sonic horn. Results from preliminary strain gage and deflection
measurements show that the panel response to engine noise can be dupli-
cated with either random or discrete sine sources in a horn test. While
analysis must be accomplished to fully establish correlation methods and
factors, these results indicate that horn tests can be used for develop-
ment of sonic resistant structure.

5.3.2 Analysis and Design Curves
The p5nel test results have been used to derive the design

curves shown in Figs. 5-9 and 5-10. Fig. 5-11 has been used to extra-
polate the test results of each test panel to a SPL at which the pWnel
would have lase 100 hours. This curve is based on available fati gue
data in the 100 to 109 cycle range. Since sonic pressure induced
stresses are usually near the endurance limit of materials, small
changes in stresses result in large changes in life. Strain gages Lo-
cated near the point of failure on the panels showed a linear variation
of stress with sound preasure levels and when compared with existing
fatigue life data, showed that reasonable correlation is obtained by
this method.

Early skin stringer test panels were typical static strength

designed structures with minimum optimization for sonic resistance. The

- results of these panel tests provided a design parameter defining the
ratio of stiffener spacing to skin gage. Fig. 5-12 shows a plot of this
ratio versus panel sonic resistance. Failures on this type panel were
located at the spotwelds in the skin and stiffeners.

Fig. 5-13 provides geometric design relationships between
weighted surface thicknesses and panel geometry. COptimum design param-
eters are shown in Fig. 5-10. This fi.ure is a cumtination of the geo-
metric relationship shown in Fig. 5-13 and the stiffener spacing re-
quirements shown in Fig. 5-12. As a practical limit, a minimrm stiffener
spaciL., of 2.5 inches ws. chosen.

Several additional methods of construction have beer. investi-
gated for secondary or minimum weight structure. Results of the tests
are plotted against panel weight in Fig. 5-9. Honeycomb sandwich demon-
strates a superior sonic resistance and is usted on the 733-290. !

Panels with beaded stiffeners, No. 19, were shown to be unsatis-
factory for use in areas of high sonic environment and are eliminated
from the development program.
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5.3.3 Follow-on Program
Testing and analysis will be expanded in Phase II-B to verify

Ii detail design concepts such as rib attachments, spotweld spacing, honey-

comb core and minimum face thicknesses. Approximately ninety panels are
planned for the development program as outlined in Section 13 of theL Fhase i, A-IV Structures document.
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